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© Process for the dissolution of peptides and proteins, solutions thereby obtained and their use. 

© Process for the dissolution of peptides and proteins in 
non-aqueous and mixed non-aqueous/aqueous solvents 
using crownethers, solutions thereby obtained and their use. 
Purification of proteins and/or enzymes, modification 8nd 
optimisation of the activity of enzymes. Use of peptide- 
crownether complexes as membrane materials, use of 
enzyme-crownether complexes as detergents. 
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process for the dissolution cp peptides and proteins, 
squtticns thereby cbtained and their use 

Hie present invention relates to a process for the 
dissolution of peptides in non-aqueous and mixed non-aqueous/ 
aqueous solvents. 

Peptides are biological or synthetic ccnpounds which 
consist of two or more amino acids linked together by peptide 
bands which are combinations of a carbonyl and an amino group. 
In this patent application the term peptide will refer to 
oligopeptides ocai tain ing four or more amino acids, to the 
higher polypeptides and to proteins, while the term peptides 
further en comp asses derivatives of peptides like enzymes and 
related substrates i.e. ccnpounds which contain oligopeptide 
and/or polypeptide chains. 

Applicants have tried to dissolve peptides in non-aqueous 
solvents like nethanol and ethanol but in most cases no 
positive result was cbtained. However it has new been found 
that those peptides can be successfully dissolved in non- 
aqueous and mixed non-aqueous /aqueous solvents if crewn- 
ethers are present in certain concentrations. 

In this application the term crown-ether means a highly 
selective ccnplexing agent which can form ccrnplexes with metal 
ions like »1V*H and alkaline earth cations via electrostatic 
interactions. From J. Chem. Soc. Perkin Trans. I, 1982 
pp. 2359-2363 several types of crown-ethers are knewn such as 
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the cyclic crown-ether, the diaza-crcwn-ether , the non-cyclic 
crown-ether and the cryptand all being polyethers or polyethers 
in which one or nore of the oxygen atoms have been substituted 
by a nitrogen atom and/or another heteroatcm. 

The fact that crown-ethers appear to be able to get even 
large protein molecules into solution in a solvent system 
cotprising non-aqueous and/or mixed non-aqueous/aqueous 
solvents, opens the possibility of a wide range of applications 
in the fast expanding field of biotechnology. 

Therefore the present invention provides a process for the 
dissolution of peptides in a non-aqueous and/or mixed 
non-aqueous /aqueous medium in the presence of a crown-ether or 
a mixture of crown-ethers in a molar or average molar 
crown-ether /peptide ratio which is in the range of 10-100,000. 
Preferably the nolar or average molar cxown-ether /peptide ratio 
is in the range of 50-30,000. 

Preferably the non-aqueous medium is a hydrogen bonding 
solvent. Furthermore the non-aqueous medium has preferably a 
dielectric constant which is in the range of 20-100 at 25°C. 
Preferred solvents with an appropriate dielectric constant are 
selected from the group consisting of methanol, ethanol and 
dinethylsulptexide. The non-aqueous or mixed non-aqueous/ 
aqueous morKnm my suitably comprise in a dd i t ion to the above 
hydrogen bonding solvents, non-hydrogen bonding solvents such 
as for example ethylacetate, acetone and chloroform. 

Suitable crown-ethers and related compounds such as 
crown-related macrocycles, c ryp t : and . s and acyclic multidentates 
vtfiich should all be considered to be within the scope of the 
invention may be selected from the group of macrcmolecular 
ligands which have been described in Chemical Beviews 1979 vol. 
79 No. 5 pp. 389-445, (1979 American Chemical Society) and from 
the macrocyclic ccnpounds which have been described in US 
4156683. Crown-ethers which are preferably used in the present 
process are selected from the group consisting of 12-crown-4, 
15-crown-5, 18-crown-6, 21-crown-7, dibenzo-18-crown-6 and 
cryptand [2.2.2]. Peptides which easily dissolve in 
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non-aqueous organic solvents in the presence of crwn-ethers 
and which are therefore preferred are selected from the groups 
consisting of myoglobin (whale muscle) , bo\rijie— serum-albumin , 
bovine insulin, cytochrome c (horse heart) , cholesterol 
esterase (microbial) , papain, lipase (Rhizcpus arrhizus) , 
acetyl esterase and hi stones. 

It appeared that the, best results are obtained when the 
peptides are substantially metal salt-free. Therefore it is 
preferred that the peptides are substantially metal salt- free. 
The present invention further relates to non-aqueous and mixed 
non-aqueous/aqueous solutions comprising one or more peptide 
crown-ether c omp lexes which solutions have been prepared using 
the present process. 

Dissolution of peptides in nan-aqueous and mixed 
non-aqueous / aqueous media may preferably be effected by 
chemically linking crcwnethers to the peptides and this 
technique should also be considered to be within the scope of 
the present invention. As will be appreciated the present 
invention offers a whole range of possible applications in the 
field of biotechnology, especially for those applications for 
which it is essential that peptides and especially proteins can 
be dissolved in non-aqueous and mixed non-aqueous/aqueous 
solutions. For example protein and enzyme purification and 
separation can be more successfully carried out if the protein 
or enzyme can be dissolved in organic solvents or in aqueous 
organic solvent mixtures which makes it possible that 
fractional precipitation and/or crystallisation, 
chromatographic and electrophoretic techniques can be applied. 

Other potential applications are to be found, for exanple, 
in methods for the inmcbilisation of proteins and enzymes which 
comprises the use of polymeric and polymer-bond crown ethers, 
in the modification and optimisation of the activities of 
enzymes in organic solvents and in aqueous organic solvent 
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mixtures/ and in the retrieval of enzyme activity fzon solvent 
mixtures containing enzymes. Furthernore the peptide-crown- 
ether ocqplexes my preferably be utilised as nerbrane 
materials while enzyme-crcwnether ocnplexes could preferably be 

5 applied as detergents. 

Ihe present invention will now further be described with 
reference to the following Exairples. 
Exanple 1 dissolution of peptides 

In the table examples are given of peptides which dissolve 

10 in methanol, ethanol or dimethylstilphcsxide in the presence of 
certain crown ethers. 
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Example II 

lhe Use of Crown Ethers /Cryptands in Protein Separation, 
Purification 

a) Separation of Cytochrome c f rem cC K3ryriPtrypsin 

5 Cytochrome c readily dissolves in methanol with relatively 

low concentrations of crown ether , while oC-<^yinotrypsin is 
totally insoluble. Thus mixtures of cytochrome c and 
^ -chynotrypsin (lOmg each, 8.1xl0~ 4 and 4xl0" 4 m.mole # 
respectively) were treated with 18-crcwn-6 (28rng, 

10 0.11m.roole) in methanol (2ml). The red solution was 

filtered from undissolved protein ( <* chynotrypsin) and 
dialysed against water, then buffer (Tris, pH 7.5, 0.1QM) . 
Both filtrate and filtered protein fractions ware examined 
using isoelectric focusing in order to establish the 

15 purity of the separations (results shewn in Table 2) . 

b) Separation of Cytochrome c from a Mixture of Cytochrome c, 
BSA and cl -<!hyiTotrypsin 

Cytochrome c dissolves in methanol at a lower crwn ether 

concentration than BSA whilst oL -chymotrypsin is 

20 insoluble. Mixtures of cytochrome c, BSA and 

—4 —4 

^-chynotrypsin (lOmg each, 8.1x10 , 1.4x10 and 
—4 

4x10 m.mole respectively) were treated with 18-crown-6 
(50mg, 0.19m. mole) in methanol (2ml) and the resulting red 
solution was filtered and then dialysed against water then 
25 buffer (Ttis, pH 7.5, 0.01M) to remove crown ether and 

methanol. Both soluble and -insoluble fractions were 
examined using iso-electric focusing (results shown in 
Table 2) . 
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The filtrates in both cases only contained one corponent, 

pytochroroe c. The insoluble fractions contained the less 

soluble proteins, higher yields of which could be ob tain ed if 

<NH 4 ) 2 S0 4 is used as additive at 0-4 °C. 
Example III 

2) She Use o f Crown ethers in Protein Crystallisation 
Proteins such as cytochrane c and bovine insulin 
containing crcwn ether and (mj 2 S0 4 as stabilising agent 
could be each obtained as crystalline cotposites f ran 
methanol solutions. For exarrple, cytodhrane c (20mg, 
1 - 6x10 m.mole) was treated with a methanol (ICtal) 
solution containing 18-crown-6 (55mj, 0.21m.itole) and 
(NH 4 ) 2 S °4 (5Qmg 0.38m .mole) . She solubilised protein 
soltions were stored at 4°C within an outer tube 
containing ethyl acetate as precipitating co-solvent. 
After 1 week, crystaline material forned, which could be 
filte r ed, and was found to be water-soluble. Protein 
analysis indicated the solid material contained 20% by 
weight protein. Circular dichroism (CD) and UV/visible 
20 spectroscopy indicated intact protein present. 

Crystalline material containing bovine insulin could be 
obtained fran a solution ccnprising bovine insulin (5mg, 
8.6xl0~ 4 numole) , 18-crown-6 (30tog, 1.14m.nole) and 
t NH 4> 2 S0 4 (30Qm 9' 2.3m.mole) in methanol (5ml) and ethyl 
25 acetate as precipitating solvent. The DC spectrum was 

similar to that of pretreated protein (negative band at 
225-200nm) . 

■ £xarr P le g The Use of Polymer-Bound Crown Ethers for 
Protein and Enzyme Irtnobilisation 
30 A cryptand bound polymeric material, (KRYPTCFZX 22 IB 

polymer) , obtained fran Merck-Schuchardt and comprising an 
aryl-cryptand [2.2.1] attached to a MEREHFIELD polyner can 
be used as an iirmobilisaticai support material for proteins 
(e.g. cytochrane c) and enzymes (e.g. cc -<%notrypsin) . 
35 Proteins (enzymes) could be iitm±>ilised under mild 
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conditions (requiring no further chemical modification) by 
siitply suspending the protein (enzyme) ca. 
0 . 4-4xlCf 3 m.irole with 50Gmg of the polymeric material in 
buffer for 16-200h at 4°C. The iimobilised enzyme 
material was filtered off and washed thoroughly (ca. 30ml 
buffer) prior to assay. In the case of cK. -chyirotrypsin, 
4 Grig of protein and 500mg of polymer were suspended in 
0.001 N HC1 (ml) for 16h at 4°C. In the case of 
cytochrome c, 5rog 0.4xl0~ 3 m.mole of protein and 15mg of 
support were suspended in Tris buffer (0.0 1M, pH 7.5), 1ml 
for 200h at 4°C. The enzyme activities and protein 
loadings are summarised in Table 3 together with results 
obtained for MERRIFIEID polyrter without cryptand. 
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Example V The Retrieval of Enzvme Activity form Nan-Aqueous and 
™"™™~ Mixed ^k3^Aqueo^s/Aqueo^s Media using Crow n Ethers 
Reversibility of the crown ether /protein cotplexation 
. phenomenon can be denonstrated by recovering enzyme activity 
5 from organic media into aqueous solution. By using sinple and 

gentle manipulative techniques such as dialysis and gel 
filtration, which are used to separate the enzyme from 
ccnplexant and solvent, enzyme activity can be retrieved. It 
nay be necessary to also enploy a stabilising agent (e.g. 
10 (NH 4 ) 2 S0 4 ) which does not interfere with the catplexing ability 
of the crown ethers but protects the protein against 
irreversible denaturation. It is believed that tenperature is 
important and should be kept below 4°C during manipulations. 
Two enzymes have been examined: 
1 5 cholesterol esterase - which is soluble in organic 
solvent/crown ether mixtures. 

^K3iyxtDtrypsin - which is insoluble in methanol crown ether 
mixture, but if a concentrated solution of the enzyme is first 
prepared in water, then methanol containing crown ether can be 
20 added without protein precipitation (ca^ methanol: water, 
85:15). 

a) Method for Petrieving Cholesterol Esterase Activity from 
an Organic Solvent/Methanol Mixture using C rown Ethers 
In a typical experiment, cholesterol esterase (Boehringer 

25 Mannheim) from ndcro-arganism sterol-ester acylhydrolase, 

suspension in (NH^jSO^ — °- 4 "*°- 6in 5' 10-150)* was 
dissolved in a methanol solution (2-6ml) containing 
18-crown~6 (0.1-0.3g, 0.4-l.lm.mole) at 0-4°C. The 
mixture was dialysed against water (16h) and then eluted 

30 through a short Sephadex G25 column (void volume 8ml) with 

sodium phosphate buffer (pH 6.2, 0.1M) . Protein 
estimations were determined by Lowry method*. Eluted 
samples were assayed for enzyme activity using cetyl 
alcotol (1.72nW) and oleic acid (2.37mM) as substrates in 

* U « Unit of specific activity of the enzyme on cholesterol 
oleate as substrate as defined in the Boehringer Mann- 
heim catalogue 198*1. 
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phosphate buffer (pH 6.5, 0.05 M, at 37°C) containing 
sodium taurocholate and 3.3% isoprqpanol. Hie product of 
esterase activity, cetyl oleate was monitored by 
extraction (0.5ml aliquots frcm 9ml enzyms mixtures) into 
chloroform (2ml) and detection by gas-liquid 
chromatography (carried out an a Varian 3700 gas 
chramatograph with flame ionisation detector using a 2ft, 
3% SE 30 packed column of internal diameter 2mm; carrier 
gas nitrogen at 3Qml/min, pro gr amed for 100-260° at 
lOVmin) . 

One cetyl oleate unit of cholesterol esterase activity was 
defined as the amcxmt of enzyme (in mg) required to 
synthesise lumol of cetyl oleate/min tinder the conditions 
of the assay. The results of enzyms activities are 
summarised in Table 4 . 

* H.O. Iowry, N.H. Rosenhrough, A.L. Farr and R.J. Randell, J. 
Biol. Chenw, 193, 1951, 265. 
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b > Method f or Retrieving <-Chynotrypsin Activity front Mixed 
Non-Aqueous/A queous Solvent System using Crown Ethers 
A procedure is carried out, whereby concentrated solutions 
of ct-chyrotrypsin (bovine pancreas , Sigma Chemical Carpany, 
5 ^1.2rrM in 0.001 MHC1, 0.75ml) are carefully (slow addi tion) 

treated at 40 °C with solutions of nethanol 5ml containing 
18-crown-6 (0.9M) and, in seme cases, enzyme inhibitor, indole 
(0.034M) to protect the active site. Ifre enzyme mixtures are 
then purified by repeated dialysis (ca. 5x against 0.001 NHC1) , 
10 followed by gel filtration using eluant 0.001 NHC1 and Sephadex 
G25 column of dimensions 3 x 40cm) . 

Enzymes sanples and corresponding controls are assayed for 
activity using a spertrophotanetric nethod errploying 
N-^Denzoyl-Ii-tyrosine* ethyl ester (BTEE) prepared in 0.1 M 
15 Tris-HCl buffer (pH 7.8, containing CaCl 2 0.1M). Molarity of 
active sites are determined using active site titrant, 
2-hydroxy- cC -toluene sulphonic acid sultone*. One BTEE unit 
of j^^ymotrypsin activity was defined an the arrount necessary 
to hydrolyse one umole of BTEE per minute under the conditions 
20 of the assay. 

Ste results of *C -c±yiiDtrypsin activity after dissolution 
in aqueous methanol are summarised in Table 5. 



* Methods in Enzyirology, Vol. XIX, 1970, Edited by 
G.E. Bearlmann and L. Lorand, Academic Press. 
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CLAP6 

1. A process for the dissolution of peptides in a non-aqueous 
ana/or mixed non-aqueous/aqueous medium in the presence of 
a crown-ether or a mixture of crown-ethers in a molar or 
average molar crown-ether/peptide ratio, which is in the 
range of 10-100,000. 

2. A process as claimed in claim 1 in which the molar or 
average nolar crown-ether/peptide ratio is in the range of 
50-30,000. 

3. A process as claimed in claim 1 or 2, in which the 
non-agueous medium is a hydrogen bonding solvent. 

4. A process as c laimed in any one of the claims 1-3 in which 
the non-agueous medium has a dielectric constant which is 
in the range of 20-100 at 25°C. 

5. A process as claimed in any one of the claims 1-4 in which 
the solvent is selected from the group consisting of 
methanol, ethanol and dimethy lsulphcod.de. 

6. A process as claimed in any one of the claims 1-5 in which 
the crown-ether or crown-ethers are selected from the 
group consisting of 12-crown-4, 15-crown-5, 18-crown-6, 
21-crown-7, <iiberi20-18-cxcwn-6 and cryptand [2.2.2]. 

7. A process as claimed in any one of the claims 1-6 in which 
the peptide is selected from the group consisting of 
myoglobin, bovine serum albumin, bovine insulin, 
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cytochrome c, cholesterol esterase, papain, lipase, acetyl 
esterase and histories. 

8. A process as claimed in any one of the claims 1-7 in which 
the peptide (s) is/are substantially metal salt-free. 

9. A process as claimed in any one of the c lai ms 1-8 in which 
crownethers have been chemically linked to the peptides. 

10. Non-aqueous solutions ocnprising one or more peptide- 
crownether ccnplexes whenever prepared by a process as 
claimed in any one of the claims 1-9. 

11. Use of a process as claimed in any one of the claims 1-9 
for purification and separation of proteins and/or 
enzymes. 

12. Use of a process as claimed in any one of the claims 1-9 
for the modification and optimisation of the activity of 
enzymes. 

13. Use of a process as claimed in any one of the claims 1-9 
for the retrieval of enzyme activity from solvent mixtures 
containing enzymes. 

14. Use of peptide-crcwnether ccnplexes as defined herein- 
before as menbrane materials. 

15. Use of enzyroe-crownether ccnplexes as defined herein- 
before as detergents. 



BN05.006 



